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Abstract (Basic): WO 200139276 Al 

NOVELTY - Organic photosensitive optoelectronic device (OPOD) 
includes two superposed electrodes, hole transport layer (HTL) between 
the electrodes and composed of first photoconductive organic 
semiconductor material (POSM), electron transport layer between the 
electrodes and adjacent the HTL and formed of second POSM, and exciton 
blocking layer between the electrodes and adjacent to at least one 
electrode. 

DETAILED DESCRIPTION - When one exciton blocking layer (EBL) is 
between the electron transport layer (ETL) and the electrode adjacent 
the EBL, the electrode transport layer comprises 
3,4,9,10-perylenetetracarboxylic-bis-benzimidazole, the hole transport 
layer comprises copper phthalocyanine, and the exciton blocking layer 
is 2,9-dimethyl-4,7-diphenyl-l,10-phenanthroline. 

When one exciton blocking layer (EBL) is between the HTL and the 
electrode adjacent the EBL, the electrode transport layer comprises 
3,4,9,10-perylenetetracarboxylic-bis-benzimidazole, the hole transport 
layer comprises copper phthalocyanine, and the exciton blocking layer 
is either 4', 4", 4 m -tris(N,-3-methylphenyl)- N-phenylamino) 
triphenylamine or polyethylene dioxythiophene. 

A wave-guide type embodiment is disclosed. 

INDEPENDENT CLAIMS are given for: 

(a) a stacked organic photosensitive optoelectronic device 
comprising a number of optoelectronic subcells where at least one 
subcell includes an exciton blocking layer; and 

(b) an organic photodetector. 

USE - Solar cells and visible spectrum photodetectors, for example. 

ADVANTAGE - Improvement in overall performance of organic 
photosensitive optoelectronic devices particularly at high illumination 
intensities is obtained since parasitic exciton quenching at a 
photosensitive organic/electrode interface is prevented by the exciton 
blocking layer. 

pp; 40 DwgNo 0/15 
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g C * , XliffBT, 03 * fcf , »7^a>'7-> (copper phtha 
locyanine) (CuPc) t 3 . 4, 9. 1 0 - ^U l^>f h?*** 
'J y £ - k" * - ^ > X 'f 5 ^ 7 - A- (perylenetetracarb 
oxyl ic-bi s-benz imidazole) (PTCBI) <Z> ,fc 5 ft 

# tt 5S & ft 5* K & . T ft *i . l»< 6*<0i*A : r-#i*i*A*-il'T 
Attn £ n -5 E £ . iLT*i:H<TS5. COS *18gf 

cr>x*^*-#«. -r ft 1> . s a $ ? (taiiPTCBioto) <h a a ie 

?L (fciitfCuPcOtO) © X * * - S . ^»*89aje?«)X^JP^-± 

t) /J\ 3 H A» 6 "C * 4 . 
[ 0 0 0 8 1 

tir. *S^^tT«88lr»t-*iEi*3i^«:4i:ft^. tt^t. ft4(£2nfc®iig 
J f*»-«^«.«L,T*<Ct^ll*U^. cm* »fi?®i£*S*£ (j unc 
t i on) ifi<<Dffi«C$IETS3»*£*rt-S<OT. (j unc t i 

on a s s oc i a t ed) n i% \* & & & < ® W) V MM lz £ ■? T tH 2 tl 

[ 0 0 0 9 ] 

CO&Tte. ^HSXttt/MHrnr^*? (organ i c ph 
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( g ) 2003-515933 

otosensitive optoelectronic devices) 
(OPOD s) itiHIIf (organic light emittin 
g devices) <OLEDs>i©IB«>K»I«>H<t>*»KO<r»TBit2sn 

5-<ft»5. oLEDi:fiv>tB. m ^ <o ^ ^ <d mn t. v.'f- <o m n i ± c ^ ^ 

3 fz #> \Z m ? C /W 7 * A< BP JO 5 n £ . OLEDsfc*Sl»T*4. ^ # T I* « * W 
K (radiat ively) X tt # & * W It (non-radiat ive 1 
y) SiEST-SrfcS^filfi^^-KK^tfS**- OLEDsClSUTlJ, S 
*a*t43*BSA<3SnS*a£T**. OPOD s i:*^Ttt, S^S^fSS 

« a K e a i; a . o PODS3ttt«fi«-en6©®«#ttt:^^tiitfniAt. 

OLEDsffl©fE7ttt (photolumlnescent) ft €> © 2 

3t1#ti (emi s s ive proper ty> \Z 1 H T 8 n S . 
[0010] 

KiM«nfce»#tt£fc-3fctt**<920®S£&fiT* (j ux t apos e) 

US. ;:nS2 0©#&<0#cIte#£St4^xO&-S (photovol tai 
c heterojunct ion) t IF «ft * . 6KB»*l#ill:*^T 

tt . pifcttT^-fey^-i!. Of*6*T*8ci-itoflTV»4. dCT. nS 
tfs. « £ (background) ®^-f ^, T & *» . 3tS**ntt«>t> 

fc . i gfi * « s w . ^ussfcu^nftKiiftfcanK-evyKiti/'t 

, HI (highest occupied molecular 

orbital) (HOMO) ia«$»fHI (lowest unocc 
upied molecular orbital) (LUMO) »B»ft? 
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(10) #^2003-515933 
^^b^-SHOMO-LUMO^-Vy^^iafflrt"^. ft £ 1" * • 7 x £ • X * 

- C ifi l» 7 x 2 • x*^*-«iE?ia < ±ga<*T*-5;:t£^i-T^5. fi£ ? 

T. 7 x )V 5 ■ J^A^-lifia«a¥»*©8-«)»ttftSfflfflttHT« 5. 
(00 I 1 ] 

(ca r r i e r mob i I i ty) T * « . »1 « HSff C «S L t litS 

9 ft £ 3 n * . a«fca*tt*J:tfW*tttt. «k0»^iE?l»»**ftU*HO 
MO^ttCiOB^if *lH*Oi6 5- X tt Bl « C . ±0Bir>«f«»B«t 

(fttilin, 4. 9. 10-^'^>T-b?*;l<#*>K-SB*!&!(pery 
lenetetracarboxylic dianhydride) (PTC 
DA) flHt-ttitB7n^>-ftBJ:!l*Ki#»»«fi^T*5Tt> 
* ^ fc » ft ft V» . ttAtf. 1b*«»ttPTCDACPHTFt-*fclinac 
ftftttIE3l»»«#**ft»*±5fc**-*-***^ 
TiE?L»«(S*^^Wft7r^^ - (cr i t ical factor) T * * 

c5cn^jtf#o*?x^wtiH<ofc*c. ft -e. £ r P s j £ tt r 7 f -t 7* * 

-®j *J:tf TnU tfcB ^t-SJ tLtif J:0t., r £ ?L 16 £ U ( 
hole-transport ing-layer) (HTL) SfcU fS?« 
£ B j (electron-transport Ing-layer) (ETL 
) ©*W*tbtfLtf««*n*. IO***t*HTB. ETLttijfeWCtT 
g »tt T * 0 . *UTHTLtt«ft«KIE?Lft«ttT*6. ffl §S ' ft * (rec 
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(11) <ft& 2003-51593 

t i fy i ng) j » . tft. #®*<#»?*T±£SSft1t£*rT*. Tfcfct. 

uilt-in electric field) ilSWILTHi, 
[0012] 

n4c«ta<T£a»i7T^s«ft&t8£*#-rs;:ta<a£Uv>. u a b tf . :n 

« ft & W ft A © '> fc < it lo*iAltt»l»l***lc«*H'»*Kfi»t 

r^lcffifflSn-5t#. ffl 5§ 1SI (e 1 ec t rode) J & <fc 
r ft £ (con t ac t) j tttf*rt**fc»«[3»fc3l*«-rfc»©Xtt/W 

*i . «ft*fctt«j(*ttftftfti3fctt*7hxH> |-u;nlfO*»8»CSft 
^ m « <h . mitt^UBBIlCXtt^SftiS-rifcAO^-f-V. »J - F , h U - X 
SittftZ <J>fo*Wt.tOVR<onW*&&t % . fflti r « ft ft ■ ■ (charge 
t rans fe r 1 aye r) J UCittti ft ft K <H T V» 3 ** « ft » » ■ 

jni. ::t«i5*iii*, ft ft © ft . *fctt***ftfto-»®»ftB- 

li ( m ft * fc »i ft » ) A< ft ft ft ft (re 1 evan t wave 1 ength) 
<OftBaai!tt»©4>fr<fct>5 0%A<ft ( # ft £ ii ft S ) *IoTii8^n 
SCiBtttl: raw (transparent) J El ft C > 

W»ftft©ftB«Bftft»®ftT«>t'*»l'5 0%*ffi©aiSS:f i F-rft»i 
(semi-t ransparent) J t*5tl>5. 
( 0 0 1 3 J 

ft ft £ £ te ft .6 tt S # . ft ft £ H r ft ft ffl $ (me t a 1 subs t i 
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inftfilllft*. fcatf. K ft -f > i> ? A «8 (I TO) . Bf ft # »J * A -f 
> ->* 9 A « (GITO) . J3.fctf»ftlii&f>->-£Ai8 (ZITO) £ £ # "T •£ 
T & 3 ? . » C , I TO»i-tn*ft3 9 0 0 *>nm-AJt!l*«l>*«C 
*fLT»Wl::-f*tt3. 2eVOt/0 1 ; =lft^ (optical band 
gap) K-:/*ftfcl*iiS! (degenerate) n + ¥ 3S 

* r * * . ««>ar*#*ftjB<*tt»ttawft«*tt«*#* , J7tu> cpo 

1 yana 1 i ne) (PAN I) fc<fctf-€-©ft^M&<l*T-<&S. & » ft ffi «> tt 
S5CtllO*4I«**5ltfftTU<, ddTffltS r|^« (non- 
me t a 1 1 i c) j B#»i9it(9fl!*«fiinT«H>*l84S6* i (riaK 

:ti*fri:ii;«i«)«»*fl4t*ctsl*t8. fiI*i*o(fct«i:«* 

© <fc* % & T # ft 1" * £ ff ft tt . &«tt*-©&8fl£Si (me ta 1 1 i c fo 
rm) TStttS f 7 U - / ^ Jl< ( f ree me ta 1) J X 3t> Z> £ 

*9<3 0t5bftTtJ:V>. fic^T. *«W©^)S^ffl%SStte<"« r « & « 
(me t a 1 - f r e e) J tSJnTtJ:<. ICTfflS r £ & « j tt* © ft 

f5. 7 iJ-^:9^tttt^e»1»©«fTAJII*^^*Ci*^»W*ffi« : f©« 
ase) ± T r # * « j T * * . * tl *> tt HE » ft 7 'J - > * )V T t> *t I* U 7 'J - 
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( 13 ) $$3?2 0 0 3-5 1 5 9 3 

[ 0 0 1 4 J 

(b i 1 aye r ce 1 1) CU^Tti. S*5#f»ttt£K*r«'\-rO&&-I!g 
Z. i> . «E*S'ffi (bui 1 t-in potent i a 1) « 'N x □ £ £ * J* 
tofc«l:|l/Tt>5 2^0ttj£HB0HOMO-LUMO4 ? t^I^;K-^ 
ti^XSSo. *»A»*'\rn«-&COt»T©HOMO-LUMOX*;i'4 : -«i 

fi(JBii:«*Wi:8isntfeo, Bitli. ioitel$ffi£*fcb, 102 

liHTLlS^bl, 1 0 3liETLIS8bL. ^-Ltl 0 4ll8IS8r)t 
. HLTtETLiOBCHOMO-LUMO^V'^^^-tyh (of fset 
) ttHTL/ETLfSWihOCSSStto. 
[0015] 

^t^iR^n-5-bT^-SBA^©Wfio€BE^L.O. # *B 8 (non-stacke 
d) PVt/W*. (stacked) P Vf/W XO»-i= 7 H 

. fciitf, fcfc^Ttt, «^ttH«3t»«tt»»* k 6»«^»»T 

* . w * k . fflffi r»Sj s'ffii^n. t:rtt. »»To*»H4Ci^'Ctt 

10 0 16] 

Sv '-s 03 g 81 & $ > SrWr*. cnii. - » tt . H*-<0>T:»«ttya-t^ro-* 
ft S . ± K © «fc 5 K . 35 * f * . zft&tt***;toSli-*fcafctt. # <t # 

[0017] 

h > 7 7 > (Thomp s on) £,W;*B#t ! FtnBS&0 9/3 1 1. 1 2 6 ? 
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(14) #12 0 0 3- 5 1 5 9 3 3 

r«ff»Jtfc»^<#*Ci«3»*0*«*** : f(Very High E f f 
iciency Organic Light Emitting Devic 
es Based on Electrophosphorescence)J 
© fp fc . rzti>\Z&m%yt%? (organ i c I i ght 

emitting device) (OLED) CtoSill (em i s s i o 
n 1 aye r) (HaE^«rfflL:i2 s *-5fc*«DSlE^ISiihH©ffifflSrlB«Ufc. 
*S8*©H«C*t->Ttt, EBLIiB8««I*^EBLM5XttEBLJ«« 

[0018] 

r^«5r?-0?t'-A • x ^ •> a >*JJ:tflO*a*l::.fc-3T*ftL-fc*'«a* 
| (U 1 t r a t b I n Organic Films Grown by O 
rganic Molecular Beam Deposition and 

Related Techniques) J . jri*A • l/fa-XS9 7# 
86*11997 < fil « . y it UXY <DT ^ . V V . 1997) t . 7 - /X - , > 
- . (Arbour, C. ) . 7~AXha>^, I * . 7 - * . (Armst 
rong. N. R. ) . 7 'J - * . 7 - * . (Brina, R- ) . 3 'J > X . 
i> - . (Collins. G.).^>^S?ir-. S?x-. (Danzi 
ger. J. - P.) . 'J — . (Lee. P. ) . * "C X - - . T ~ ■ 9 

a -. (Nebesny.K.W. ) . M > 3 . v x - . (Pankow 

J. ) , n-fh, XX. ( W a I te. S. ) © r»K#**»W«H©* 
H*5XMJ-*»J:tf7*J*Xl'*hn$r5;*MJ- (Surface Che 
mistries and Photoelectrochemistries 

of Thin Film Molecular Semiconducto 
r Mater ial s) . IV4j7- • • 7>H • + H ■ 

?U>JK(Molecular Crystals and Liquid 

Crystals). 1990. 183. 307 7 - 

fi^-f/OJEiidiiOjIIBl^^^ (s t ac ks) 

* t> © <fc 0 fc3t*)«ai*E«*jlS**i*a{>*©t«Effir*it* , "P*fc = i: £ Bfl * 
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(IS) ^2 0 0 3 - 5 1 5 9 3 

xmmvBc ***** #1" ( m u 1 1 1 p 1 e Q uan 1 um 
we I I) (MQW) *Sa<IB*d*lTtt«. 
[0019] 

ncEfRti: LV>. ff * tt 6 tf . ?&t*wBbe^»f8 ( d i s soc i 

at ion) H^STg:5T*65*^T»4. L„^L*$ST**t. £ & 

<Z>Js!)ig7A<*S#<S# (f i e 1 d - f ree reg i on) TtfJinii 
3 K tt -5 ^ 2 T tt & V> . CtltCO^TCD 100lStt«#il , a8?''»»*ft 

tw< ;U * * tt * (bu l k res I s t i v i ty) © * H T iS £ ® E W 
[0 0 2 0 ) 

[ 0 0 2 1 ] 

fi«fiSM»Hn5fci!i(!)l^«)?8tttyf + ^7V-l t (n ano t e 
xtured) tt » . «'JV-n>F. * V» W * . * (i £ 
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MfttiiZftrz (spat ial ly distributed) # 8t 8? <4 £ & ffl 
LTl«TtiJ:54. JIOX tt*« CflfiC t>S ^fc < h i 8 h 1 y f o 
1 ded) »B*lft4ilV>tJl't«fflt4C tt**i^5-t#i»*nT 

* . * k « » a It a * t tt , btz *> 2 ? tz. 

[ 0 0 2 2 ] 

ft^T. * 58 91 fc * V» T tt , «fc9«t>rtBI5fc«fctfft8&<z>S J ? : 24¥ 

Biifi<©a*K3fc£aBfi**B&&**fc*&^** tt ** / *** ffiT ** 
t554 (paras i t ic) ftjB^fcBCfcJ&Cl^BlioBfi^BitJB < 
EBLs) SOPOD sCfKS^StiCtCi-JtiiSSnt. 6& ig ^ *< i£ 
KSn*-e*33««fcB«T*J:£fciO*.T, EBLtt««oy#S?->a > + 

Kixsh^it^tsttMitfr^JSt^^Ttfi. t» < ^ * o 

W K K *5 <r» T « . LftKiOPODSIffil/&< fcf > * - 

* ffi » R8 (shorting defect) «*«f 5Ci:t»l!tli£ 

t 0 0 2 3 J 

feJIfiC^SHHOMO-LUMOI^A*-** y-?&HT&Z.£.frt>* * 
ft6EBL5®a8fEJt»ttS?l*Hltt#A5n6. ft o T . ffl^ft^n 

. EBLi«lfiTt|JhT*!:tBl*l^#. EBLA^5^lC±T©eWil!« 
If*ljhT«:tttatL<a». u * U tt *» 6 . |*£x*;i/*-*(4e>*Jt 
ti^X. EBLH*«»i:-*«)lff ©Sfifi**Bltt*^* ? S It K 
i,t. EBLtt2^cB»IMi:, a * . **«*tt*Wf*a*a«*fctta 
X»ll£OHt:. «IC?ffit5T*o5. p»tstiii>xttt«ll*B 

-to3«a*«»#sna^«t5catftas-c»55. a«&x* 
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(a 1 i gnmen t) llt*»Hl:#T*lli*#«ELft^!: t «|*i:L. 

Sa^tlS^ST**. ^ASnfcJtfft^BiB^BLJh** (b 1 ocke r) ^ L 
TS«t**£)iMJ»8«)tHXtt»flOHOMOtLUMO©*»»lll: 

[ 0 0 2 4 ] 

|LT^5. C *l 6 0> ■ tt 1ORJ:0EBL s t^O P OD"tJHO»^/i8 

^BOPODOl*ft*»l««l*K9ftHOMO-LUMOI***-*t^ 
[ 0 0 2 5 ] 

02 AIZMLTB, OPODfAM72A00(ilSS2A0 1, t K • 
SIN>ynJS (ITO) , ]E ?L tt & 1 (HTL) 2A02. £ A tf . » 1 
. yeVCLUMO-HOMO^III^ST^^^Aen^CuPc. 

(ETL) 2A03, ^* tt 0 « 1 . 7eVOLUMO-HOMO#« 

Stt*t*JL5n«PTCB I . /afi^lfiltS (EBD 2 A 0 4 . tun 
• ffi 3 . 5eV(0LUMO-HOMO»B^t4^^n42 l 9 - 5> * 9 

- 4 , 7 - y7x-JI/ - 1 , 1 0-7xt>fD"J> (/U^D>f> (ba 
thocuproine) 1st BB C P i t»l<«5) • £c*:tf&ffiS2A05 
, fc t it tf . & . * £ tT . EBL2 A0 4C*ft5**ftLUMO-HOMOl 
^j^-^ v ,^liETL 2A0 3 ^ & E B L 2A0 4^G>H)g : ? L <Ot£1tt£*&tf 

5T«5i:^B«*nftiifr8*, £ fc . h ■* ic . ebl2A04B, e 



"FROM SEMICONDUCTOR ENERGY LABORATORY CO. .LTD. 2O05S AM 5 B <* ) 1 9 : 5 3 /BB1 9 : 4 5 /3Z8«^6 0 05 1 7 3 0 70 P 21 

( 18 ) $$£2 003-515933 

TL2A0 3tEBL2A0 4BHOMO!PfiiafflS : i ! t*;^ (un f avo r 
ab 1 e gap) . T ft t> 5 . EBLfliKlrWJfMtmffc, <3 ft * E . ETL 
2A0 3^6lftfll^(^^-5iE?L©tt2l*iBlh-r41f»55. L L &*<<=>. d CO 
5» * li #} <!: S ® IC »i ft 6 ft l>> . fa ft ft £ . HTL/ETLSffi0SatS4L 
fcrt»*JMi]E7L*»SIB 1 tl«l)l^TBa^tTETL/EBLffiSS«©ifi 

©jE?L8EiLJ§ffi®l^C9il8£teEBL 2A0 4^g®fC^IS€HB!lEBL-C*2»i: 
HKiT*5, ETLHTPTCBIHbTEBLHTBCP* 
8!fflt5a«Wl:*V>T«ETL/E BLSiC*S»SSf Ct^TSiWCiS© 
LUMO^t 7^))«#M»i:)?ftt« i^fcif $ntv^. liett. teffifilE 

ETLMfi©LUMO?tl:S£l/TiJISlt5LUMO!|5fl:*tt* 

[ 0 0 2 6 J 

H 2 B C B . »|«EBLO||t«8*'ii»nTUS. OPODff 2BO0 
«»«« 2 B 0 1 . tzkTLtf. Ift'f >5>9iS (ITO) . ©g^lSitB (E 
BL) 2 B 0 2 . £ A W*. 4, 4' , 4 " - F 'J X (N, - ( 3 - * 5 1 7 x 
- ;l- ) - N- 7x-;i/75/) h 'J 7 1 = 7 5 > (m-MTDATA) Sfctt 
7}?UX? i V>x**^5 L ^7x> (PEDOT) £ £ tf . m-MTD ATA^i 
i;pEDOTlCt>V»TOLUMO-HOMOir«ttIE«»Ctt»?,nTV^ t c^*<. 
02Bl:}|*>nxi)5,k5T«5i#A5n5. OPODttS&KIEiFlia&l ( 
HTL) 2B03. fctiift CuPc, S 7 ISl & JB (ETL) 2 B 0 4 . tz t 

* tf . PTCBI. i5iygII2B05, fttitf. EBL2B0 
2l;*lt4^lftLUMO-HOMOX^J^-=f : t^ttHTL 2 B 0 3*** 
EBL 2 B O 2^<&»g7©i£»£tttf*T*3od£Atigf£;*nSttrT&£ 
. St, R P$ (C , EBL2B0 2BHTL2B03tEBL2B0 2?)LUMO 
¥fiM5)»f t'y^T&b^ EBL»l!^LUMOi|!fii:J;?THTL 2B 0 3 
A>£IS*'\fa7!>>oTCom^CDi&j££ll±T*roT;&3?. L L- ft # 6 . d £0 

* It Jfe £ £ S Id tt * S * t» , W * ft 6 « . HTL/ETLfIOS2l^4 Ifc 
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rt8?«JM*«?*l£ffili2 B 0 5CUl*5Tl»S*tHTL/EBLJHI« 

05i5< KtettlSW^ftoS^b^SFftbte^'fc? t;: 5 <i ft # * 3 5 A> *> T * 5 
. ^^STEi^Broiocojsg^liEBL 2 B o 2 # S jg I- » Si fiH E B l x- * 
•5 C £ T & -5 . 

[ 0 0 2 7 J 

0 2Cl:H. |£ffiflJ;fcJ:t/|8Sffliffi£cOEBLs£*rTSOPOD2 

co oc5«*«ctt«i*jK-i*«B»snTU4. m « S 2 C 0 1 . £ A « 

. ITO, ffiffi«OEBL2C02. fciAtf, m-MTDATAJtllP EDO 
T. HTL2C03. fc £ Atf . CuPc. ETL2C04, fcixtf, PTC 
B I . SIiEBL2C05. & £ A tf . BCP. &£tfKtfifl2C0 6. £ 
Atf. «. «oT. iI«IEBLJiJ:r;i§ifflEBL©IJ^t.or. HTL2 
C 0 3 *5 ,fc E T L 2 C 0 4©*C±*3nfc»fi : Ftt*n6a*Jlf*Ktt*« 

[ 0 0 2 8 ] 

fc £ ft * (pho tode tec tor) T * *> . B2DC*KTtt. 2D0 

1 »a « n « . fttitf, iTOT*o, * n n . »o*oHTLtaacu 

Pc. I2D02. ffllOCRSLTHS. H T L 1 2 D 0 2 fflfflC 11. * b T 
igfilhl2D0 4CR»LT. »54>OETL, fctAtfPTCBI. 12 
D 0 3 S8f|il2 DO 4llI«)iTBBCPr*5. fi& f ffi it S 

2D0 4IJ. fci^««-?*«ISi2D0 5l:»«LTl>4. 7 - 
7*l/*h©^r5. Vtf . 1 9 9 7tt. #ftOH T L - E T L ffifi (iff A» & B 
fi**ttttJT*fc*C/W7*#tf4*nfcfc*fc»*»tt6*tBfc»£*a* 

[ 0 0 2 9 ] 

♦ jHHUhtf^-f 7X4l/f»fl't**l/tEBLttl*r*OPOD!tt 
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( 20 ) ft* 2 003-51593 

OPODste. 7*U*h£O*Bft§T-HieMI09/i36, 3 4 ^. S09 
/ 1 3 6 , 1 6 6 f. 1 0 9 / 1 3 6, 3 7 7 *. 1 0 9 / 1,3 6, 165^. 
$ 0 9 / 1 3 6, 1 6 4 ? ({IS. *i*T f 7 * ^ F O P O Dllilj ) < * 

n s a * n & ©£#a»*«wM*©*fc**Ati&h*) cucmibjop 

OD S c a*ft**TSEJ9SnTUl>. E BL s Sfitt5tl/T#8©f ? 
•fe;P < * fc tt > 3itfc!&«l*£*££t-*«S (s t acked) O 

s n x & «t i/» . 

[ 0 0 3 0 ] 

mm r-*7tn, (subce i i) j **a»«ju*nsfc*. * n k * « w e 

-rs. ::cis*ntn. » o a> © « g « is c * t>» t « . mm*7-t 
l«W5ftt<!)iitfettt*»»I*«J9t4:ti«?liT**. & © * £ t 

yH«satr5t<!)HTiii*sn5. fflst r -t * j . r * * * 

* j . razy hj , r •♦>■ zf zl - 9 h j . rtf->3>j . ii« rt^tJi- 

r*fc*t52»^(l6(Cffiffl**l*. iCTffiffl^niif . ffl SS C s 

tack) j , rjti (x^^n (stacked)) j , r -? ;p ? -fe ? -> a 
>j <fc r v ji, -t )V j b i oHi«)iiSfctttf5»»liUoT^ii^n 

[ 0 0 3 1 ] 

*»*»©«Jlif^-fe;utt-*^-t;u*illB-r5«fit:>v«<o«»***<<ean 
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(21) ft* 2003-515933 

tacked soJ ar ce 1 1) ©fig«f6]vtl3^fiE3nSTa5*o*fi^ 
[ 0 0 3 2 ] 

Jl'OftfflSlStS* 1 . £ S 8 © & ffl . i: A tf . SSt^a^H (LCD) 

ssffTscti:*^*. a* # a u- , * n jh t a . j; *> * ir» « be *« . u * u « t» 

JSOfc»Ctt. •■iW»«*»l»tt*ltffSLCDi:ft4t6«)Klt5 

tso5. & & z m m & t n -( x $: -o < *> «tp icaijiicmfv&ez* n 1 y -t )i 

[ 0 0 3 3 ] 

3 £ L ^ t> *J 6 & t> . C©fEfflOfc*l-B. fr*£$«^©ft8ISl*fc 
»*«ffi*fflttT**z:i:KiO*.T. » #1 ® ffi & . 

tiK01tfnt*?t';F (subse t) ^bigtfn/iSlE^^'ytfV^T* 
;i (tapping) CJ:5ri-«*5**«)«Etfi«tS«lt*ll 
3 n X t> J: ^ . 

[ 0 0 3 4 ] 
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(22) ¥512 0 0 3- 5 1 5 9 3 3 

L^«fclXHTL)B^€.KSiJ^n^, 
[ 0 0 3 5 ] 

- * ^ (Parthasarathy) ?0*S#WfflB^ 0 9 / 0 5 4, 
707*1 ( r nv V 5 -> (Parasarathy) ' 7 0 7 J ) (CW^^ftlT 

703, 4 3 6 f ( f7^1/Xh '4 3 6 j ) £MS*nTV>«.J: , 3&«*C 

*«ta«ft#4«©«S«Mt»«t6fc»K«7*n->7 = > (CuPc 
) . PTCDASiCPTCB IOi:3fttHf»OJ:*XB«8t»*»ftlS 

^(Dll: I TOl^X'^t^T^'/y F (spu t t e r depos i t i 
ng) St«l8tfi$Tft».iyPt^T»SL<B»Sn5. /iy*9-> 4 
7 0 7 tt . ^CD±(w I TO|#f hSftT^4fc:S©#ilORb0C 
. * (0 ± W m M X sf* V v h 2 KT ^ Z t £ *> <D I TOBB»*»ftSitL 

[ 0 0 3 6 ] 

*8«©lttttOPODifcttOPOD*^-l!^©rtasif «*S»lD5e6 
fc * l^a±O8fi?BJtIftS00P0D*tB0POD1f7t*e««T 

[ 0 0 3 7 ] 

*»W«DI»BJ(^»«lf»**t)t>Tafft*tLT«10POD1fyt 

i^^$^T^^opoD^SKT^:<!:*^ i *^, 

[ 0 0 3 8 ] 
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(23) ^2 0 0 3- 5 1 5 9 3 3 

[ 0 0 3 9 J 

8Snt8«^0PODICtt4t4:tT65. 
[ 0 0 4 0 ] 

[ 0 0 4 1 ] 

*RW©'fflOl»tt*^t^OttMOffiS*a»»*#t4«iOPOD*ffl 
[ 0 0 4 2 ] 

&*H»tt* *hAl (bot torn 1 ayer) fci^Tfi 

ft*tl!Hitt«i^*HWtElttt®*^il6*t51l*«)»«OPO 
D*^t^*5l«intlllOPOD6*«t4:iTti. 
[ 0 0 4 3 ] 

[ 0 0 4 4 ] 

**WO*5tWflE)Bttttfi»tt*fctt*»tt»« (s ub s t r a t e) £ 
a$t^OPOD s «:Jl«r*^tT**, 
[ 0 0 4 5 3 

*5S!8©*6ftSa»lill(ft (r i g i d) * tt « ft ( f 1 ex i b 1 e 
) SS^flttiOPODs^fiftTKtTS^. 
[ 0 0 4 6 ] 

* * O P O D s fcfitt-TfcCtT**. 
[ 0 0 4 7 ] 
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(24) #^2 0 0 3 - 5 1 5 9 3 3 

1 0 0 4 8 ] 

c » m ft ib » ) 

[ 0 0 4 9 ] 

H 3 T tt . OPOD 3 0 0 BI<!)J:iftir*tl*H»O|tl3 0 1. BCP 
OJ:3ftlt«»»OEBL 3 0 2, PT C B I OiiftETL 3 0 3 , CuP 
ctf)J:?ftHTL 3 0 4, is 0: I TO©J:iftir*Si«R©IIIS»t« 
. -6 r AW 7s \Z & n X \t . < t *> 1 ottttttWWH^ilAtfr-r 

± ? t » w t ft ** n tf ft e ft v> . M-ffictiXx-^ttSHH^x^^x^a 

[ 0 0 5 0 ] 

« * « « tt - 1 5 0 0 *>yXhO-A»S<Di!|-C*«ltOlHl50^!Ji» 

ffi (i to) h a (4oo/sq. o->-m»sfeoft) T««2n*:^#m 

»CSnfc* 77S«o±i:lBl^nt. x # ^ -> a > £ £ ^ T , #l<tWB 
(thermal gradient subl imat ion) £ 
fii)13UT3*OJH?»SSnfc. «tt*OJ:5ft«ff-C«*S (1 * 1 0*" 
hJU) TOtl»f k'-Af^^yr^SfflLT I TO^)J:i:Si?nt : H 
-^-^^7^D->7~> (CuPc) O3 0^>^^hn-A-6 0 0^>^X 
hn-A©JPSG>K, * © » K , 75>-fe:/*-l*3. 4, 9, 1 0 - * \) V > T" 
h^i^ + ^'J y (PTCBI) 03Ot>^hD-A 

6 0 0 t>i^X hP-AOH^^K, * , A* h £ :/ a < > (bathocu 
proine) (BCP) EBL^) 1 0 0^>^X 2 0 0 ?f>yx h 

□ -AIP^©i^r#y^ h^n/t. u " 3. 5 eVX* 
t^BCPtt. iHPTCB I h^«)l* 8 0 0 *>y^hD-Afl3 

Agig (^««*^StC«aiL^^^^{@CDS^5 1 ^>A^CD + -e[ISlrnm 

evaporated) ) ^ . % % % % C t tfX 1* % * 16) U® 
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(25) #S 2003-515933 

B.ll:>&T«*££* f fcfc>S*ftTU*. SUOPOD s<D±T<0«»»ISttMC 

[ 0 0 5 1 J 

B I ©6 0 * > if X F D-A|10il:oVit«)t.OT*<b. i$ - ± fi£ tt L, < < 

Siitlt. JllittEBLt««C«8T5. «*tt;&fflCffl#ttff» (que 
nching inter face) * * f « . 2«5«»fttisV>Ti, £ fll 
#Ett;g0tfjftKlg J fi'>? (s ink) ( fc t a. tf , Sl« 3 0 0l:*tt*Cu 
Pc/PTCB1»I) T * * . **HCtt3^/WXfc**.«300fc*lr»T 

[ 0 0 5 2 ] 

H © # B « ffi (bac k e I ec t rode) fc t A. « A g Stt5 O P O D 

HI?? ■ 7'f-JI'H (vanishing optical electri 
c f i e 1 d) (0S««^llin5<t;?l:->7ht4ifl?tl«. C <D if y y 
A 1 ^ 13 A 5 ■© i 5 t . lgfBilfec^«BCPO)*Alif/HXOftftS*t: 

. i^ntt^f •< • 1- U 7f . ? 4 - )l, )* <d 7 a 7 4 - )l> & ± 

t^f -f h U <; ? • 7^-* h'O^P7^-;Mi A JN- # # 8t # * -t 
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( 26 ) »*2 003-515933 

a s » r * a* t> » n & i> a* , b s k & a> n t ^ * £ 5 ft m * r aw * t» /s ^ 

£BLlO»A^1flK»)tti^fD8&iOH0^< 8#«)Jft4lllt 

:nttft»If»$ (internal quantum effi 
c i ency) L L ft *< S . »*T5»*»IBi5S^J:5^- t* 

a$nfc3t^3t«ttJi**«*HK»*tia5 s A'fxK:^^Ttt, * n n » v> n 

(external eff Ic iency) & ft 

n tf ft 6 ft n ■ a <o & m a c m • r -6 . -m:s»i**<«if/H^i:*^ 

Tli, 21©»iHli»J»*«#«EUftViT*55 - 19 tt ft 6 tf . *^f>f*)^X 

0) £ A & £ (pene t ra t i on dep th) 0$5fi=MSMS (pure 
ly decaying funct ion) tft 
[ 0 0 5 3 ] 

■ 6li*»«ftftST*ll^*OH*?/t^ftUtfI TO/CuPc/P 
TCBI/BCP/AgOA= 6 2 0 nm (C u P c Ofi« e-^ i:«3T5) 
C*tf«»**T»* (77 lir ) £ • W*fcJi**©H*fcUT«bTlf**. 3 
0 0^>^}>n-A(DPTCB I M 0 0^>^hD-AOBCPHti 

xVW* (HA) fc^^Ttt. CuPc/B0>JS£a<«4>f*£. r? E «T^)«tP^ 
I^^l:, 3 0 0^>^Xhn-i>(^CuPctlOO^->^^Ka 

-AOBCP^tTSr/H^ ( A IS A ) £ t> ^ T tt . PTCBIlO*4#» 
'> r * £ , Jiu,CilD4U*S 4 0 nm (PTCB I 0»iRt-^) "^8«^ 
n6. BCP-EBL#»#ft*t. PVt* (PV c e 1 1 ) ft S « ffc £ < 
response) ti ft t> » H ;U £ ^ H T * « f- T f 5 , /ti^-tf. 3 0 
0*>^7hP-AOCuPci*^IS©PTCB IlSSr*T/HX ( 
6 A ) l:9^raShTV>«i5l:. :OBCPlf^ofc 6 0^->^^ hn- 

3 tl fc V» . Ua *. T , M«ttttACtl!l!tt(t3t , 2 0 0 *>yxhD-AOBC 
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(27) 2003-515933 
EBL(D#eTT<D7T:f§'l4B<OJP3(DjgE^('J:-£> r> » . . © * aH iB So i: n , , , © Jg 

c*o**ft*aott. ©g?»iwaft#i«£*<&&<asfi«* ro fc* c ^ D # 

jffi C H£ * U ft tl « ft S ft W <h V» 5 ft M ft S ft £ 4 * -5 . J: 0 J* t> M C o t> T 
OH^t5ft8f f 9* (external quantum efficte 
ncy) It . * & K , t, o tf 6 . ^ « * « « ( *" ft *> * . ^T-nffarjA>f,<01^ 

©*«ftSJ:0*ft***> i:»*t*«*i'ft* | RC±s. jtsstsntBET 

*MttAg5fi(quenching Ag interface) A'5«L 
TJt^TSdttftlAT. EBLteS7»i£B© t P^©Ag£7.*:5'- (c 1 u 
s t e r) BgASI»<SSttfct5. Z> 2 7 X 9 - \t m. to X ¥k (shor t 

1 ng de i ec t) tB C 4 **1/T8S? Bftft®* 

[ 0 0 5 4 ] 

# 8 E K J; * BJ © X A >f * <b *. « I TO/1 5 0 * > ? * h □ - A C u P c 
/ 6 0*>f^D-APTCB I / 1 50=f>^Xr-n-ABCP : PTCB 
]/ 8 0 0 ^>?XhO-AAgO. AMI. 5©##SI93<0tS*&3a«©TT 
© . $ fft *f m BE (I-V) ««4«B7fc*anTt»*. ?I*i**0->SaU-h 
3*lfc##JSWtt. AMI. 5Rtfk--A^«S?^5fc6trj4 J ti«flE (neu 
t ra 1 dens i ty) 7 1 5 0 W©X e ? 

ffifflHS*5iaTt. » 6 n ft . (tf^x-r**-/^- (op t i ca 1 

power) ttra-#— hit (Newpor t. Inc. ) *> 6 O ft IE ( 
cal ibrated) Si7*r-yi'*-K£<gfflLTaiJ££nfc. X e 7 - 
? ? > 7 li * 'J X .«> (Or i e 1) *50t)Of Jofc. ) I -V(K5tt2 0 ± 

2 k O - cm'C#8 (shunt) jftfit (R.A. :;^AttftSI8 (j un 
c t i on a rea) T » -5 ) i: 3 0 ± 1 0 Q - c m' Sfi ?li55i ^ # 
»£LTV»S.lf**(<iark current) tt * = 1 . 4 - 1 . 7 © ® 
•ffi H fin ft (idea 1 i ty fac tor) f t^fcSlfiMS&^'f^ 
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( 28 ) ««2 003-51593 

[ 0 0 5 5 ] 

BCPJSte~10% ( fi g I* J: S > OPTCBI6F-ysnfc:i*81S 

5t#ji6n5. sffftSHw^sBiiEBLcbTifflisri r * oH u 

£9&V>«?*&i2lttK*^TST*35<!:«;l'E>ns. L *^ L A< ■=> . & # ft la 
Jt fiR ft (1 ight intens i ty) TTfi^ST*^. ^WJSSt l/T 

% t> k rs ^ t> r> tz x o <a &* (o m. z c a . a o t , &-r*it«»*s<$:£ft 

tt^^fc^TCOSaSfc^T. BCP©±5ftlf»<5* 1 «BBL«»OF-e> 

5 il £ A< #J L . EBLO^nCfi^LUMOI^J^-VfiSt 
-ra«^*t)oT. gftf/HAOnSf ^»ILTU5EBL©l < -e>i' 
«. 3S HI « ffi * « (space charge bu i 1 t-up) SrSDTtt 

H — > h SB -65: (dopan t s i t e) -c , 0)8!fi ; ?££S£fk'M-'t*«1*T 
5 . 

[ 0 0 5 6 ] 

*Sf IC«£50POD©tti/U>-^-©. AMI. 5*y?^*'77 
•;/ £ 7. (opt i ca 1 f 1 ux) |cttt3tt#tert<l28£^3nT^-5. fi 
JSIelSSaSfl ( I , c ) tt fclI«»T»0. -E- n ~ 1 5 tr > (su 

n) C?g^^WU' , <;HCfeV»T$^#lt^$PBl^W#«* < 4U^"' 1 i: , ' i 5 ^t* 
SJjLTHS. 0S 8 « E ( V, c ) tt > 1 0 tr > © 88 W !* ft »' tJ l» T tt * n A* V„ t 
= 0. 5 4V?)SiIl:St4*-cll*SBl:lS»t5. 7^P-77??- (f f 
) « , aifc«£*hTi30-tLTH7fcB**n-Ct»*«fc3C. tt « ft T tt . 
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(29) 2003-515933 
0. 5 7. a*©*«0*»«»KOV»T©ft*ttfctl. >~ ^ ^ ^ > * L T * It 

snt»*»»atKc*k»T3iLtto*r«pvsc*ttian6f f < o . 3 5 

3c M fl £ 8 T . f fttV,«*Ut*i«0«l*ti:t)l:»*t*«)T. AMI. 
5C*l75nS«7-«»a¥ (external power conver 
s j o n efficiency) ( B , > tt * R: * :> < 0 JC » T 3 H B* ® 
M&T&O, 0. 1^10f>i:myiEV>fiSCt>ftai|,= (1. 1±0. 

i) x<Dfi^i:it4. cn6«*BIIItllPVt*«)8»e*Sin. * 

LtliUT, W«K&&3nfc££?:fSfc>LTi39. JU ? 7 JUr > (mu I 
t i p I e-sun) 0->5aU-h*ftfc*»ftMlt«fcfc-e©»*«fc'*ff 

[ 0 0 5 7 ] 

*0 V)V (»,,,. HA) ?/W7iIliiTO/90t^7hD- 
ACuPc/90^>^^r-n-APTCBI/100^>^XKD-ABCP 
/Ag (H-^SnTftWEBL) T * r> It . h)H:« ITOfFfflX 

^ £ h ;[/ (ac t i on spec t rum) <D & ntz V v ? > # & ® b ? $> 

SSiRlllcAltLfcft* (op t i c a 1 f 1 ux) CfcoTf?S£tt*:> tC 

fcicii»»TiiiiDr5ct^R«2n. Hnn«ffic»-r*3t««©4aEttPTc 

BlS0DJ9^lc©*tt#T3. S 6 It tt . n 1 ,,©tilOUPTCBIi»«^^i' 
h )\>\Z « 5 • ffi o T . «E(C*fr-5^miffi<0ftS1t«PTCBItCiitt3SIWro 
ft £ £ "T & "5 « A' Jl' ? (f i l m bu ] k) TOiE?»i«)fc»t«ii 

[ 0 0 5 8 ] 

S9 t>. fts^nfcrtstf M¥ (7),,,. a*,) «i»)Htffitt^D 7 n 

T*5t). 25!S0fi«$tt9Ot>^Al>D-A«)PTCB I JP £ £ .£ TJC C u 
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(30) #82003-515933 
eome t ry o f i n t e res t) \z z> ^ T O fil & ¥ £ lz # t Z> M 

#»S**6ikKJ:oT©*IWIHSn*i:^5Jt^»«r*'*. 
[ 0 0 5 9 J 

cn*TM;:B*bfctt*©»|v»Jfc»ttll©tfir»T?. « « 3J « (absorba 
n t 1 aye r) * ***S*5¥8S8«T St'H X?*^ 'J 

- *< *f £ L V> . 17©**6l*tt«iOPODT»S. E&g^lfilLHfc^tjSt 
BOPOD 1 0 0 0 BB1 OCtlSftlCHWSntWi. 1 1 0 0 1 , 1003 
. 1 005. i i; 1 0 0 7 li . ±ECRtf7*l'^hOP0DtH«O'fCE« 

. -fe£->3>1002. 1 0 0 4 *itfl 0 0 6 B«lOPOD 1 0 0 0 OOP 

* *> r . ffiffi£fcttaffi»»si o o 3*j;yi o o 5tt»*u<«aMT*o 

ft *« 6 . t/WaI 0 0 0©«-kW*fctt»TH£5Sa>K:Al*bfc#A«*«i* 

!l 0 0 8 li«7A, £ JS . ^J^f ? >ft 2«*5fti 

* -5 . *§l:i^TB, 1 0 0 1 * fc tt 1 0 0 7©-^»<KlttfC*oTfc<k^ 
U . *fcttAit#£ttRtt©B»ca:to©K»ttJltf»*&*'C*»«fc»' s « 
Jl«|JfiK:ttfiU0©U-^-t;b34*tt*ii*nTt ( J:V>. 7 * U 3. hOPODtB«lCl2 
|8nxw«J;3l:. f A-f^ l 0 0 o «> :/ * ;Mi it W t> b < tt M JUK: X »i «£ 
Wt*JiJ©ad-»T«a»«!SnTfeJ:^. * fc . iETSltlB?* HO 

[ 0 0 6 0 ] 

t> 9 K , **L£n, V«R«ttH« (th i n absorb i 

ng reg i on) £ & &\a&i&i! ■£ $ ti* ? > > Is ~ * ~ (conce 

n t r a t o r) *iTl*Tt « t v>5 : t tt, jj,, ,©*«*>&« & 

-5. iKl 0 OOlCSlLTli. 5*/<C-r*©»WfcfflCA»Lfc3fc»i-ft«JCttR 
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( 31 ) #*2 003-515933 

*fffli)rortE*ftiJi (interior reflecting layer) *^ 

i. ftaxifrinti o 6 4 4/s o 5 o i, (rsosoimraj) (* 

[ 0 0 6 1] 

*SftlSOSt.7ftS»ttAgl 1 1 0 1 $IffiSBi;WT?>*SMfflf /H 

x (Hi ldft^nfc) n^ro^^tajD^iiii-rsfc^icffifflsnfc. 1 1 a « 

)}7^tliy7X7^<08!illl 1 0 2ll)l3t-l/>XSJ (op t i c 
al coherence 'l emth) i0t>B«*tlJC#iift. liltl 
CH-^^nfclTOl 1 0 3 0giflB!Stt«f 65l:Sttfti 1 1 0 4 C 3fc # W 
MT-SC^SftLit. & JB ft & ft 1 1 0 S tt*BS tlft*9 fe*«RW 1/ ft. » 
IllfS (concentrated radiation) (AMI. 5 fc 
Htl 0 > ) ttSNItll 1 0 l©*©BinC»j<ii£*B-tf. tUBItAg 
K # & * ffi 1 10 ltORflTftOKSt-rSifiteS (nea r norma 1) A 
Wb5-A£Jfcf«L. &/^7.«BCP EBLl:»SLftCuPc/PTCBIO 
211 ( * t A T 1 1 04iLTSSntfe0. * LT0 2 A 4) IC 

«k4jiHO0KiDt*5vt-6. El 2 »i E It tt ■ 1 1 0 irofp©PU&MD«:0#-f* 
0 1:0 1 1 tiU?lfflS?SffffloTU5, H # ft £ tf . 11 10 2BB1U 
fctt-5l9A-At::}&o-Cte£nfcagtfcl 1 D 0CuC»«!)©t«)HP&IbTl 
5Ci*<Tf 5*6T!«5. £<D&ft£&fflUT, 7? , = 2 . 4±0. 3 X © fl- 
g& /1 7 - ¥ 6 0*>yxha-jLOC\iPc. 6 0*>^ Fd-ACPT 
CB I . fcitfl 5 0 * > f 3. hD-A(0BCP6lfT«tJH:OHTi«3« 
it. ^liS»fflS8o)tS*AtJH:^i>T«S3ntAMl. 5 l: fe (t S S 
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